Introduction {#Sec1}
============

The risk of depression is substantially elevated throughout the course of pregnancy^[@CR1],[@CR2]^. Studies have estimated the prevalence of depression of mild or greater severity to be as high as 20% during pregnancy^[@CR3]^ and 13% after childbirth^[@CR4]^. Psychological distress, which is a state of emotional discomfort accompanied by symptoms of anxiety and depression^[@CR5]^, is also seen during pregnancy; severe psychological distress is seen in 3.1%-3.4% of cases^[@CR6]^ and moderate psychological distress in 28.6%-34.6%^[@CR7]^. It has also been reported that depression during pregnancy is associated with the potential increased risk of adverse birth outcomes such as preterm labour and low birth weight^[@CR8]--[@CR11]^. Furthermore, depression after childbirth is known to compromise mothers' everyday functioning, such as self-care, as well as bonding and healthy interactions with their children^[@CR12]^.

Physical activity is the most commonly recommended form of lifestyle modification for treating depression during pregnancy^[@CR13]^, although evidence is mixed for the association between physical activity during pregnancy and depression over the course of pregnancy. While increasing numbers of studies are reporting that physical activity is associated with lower depression^[@CR14]--[@CR16]^, there are also studies reporting no associations between physical activity and depression in pregnant women^[@CR17]--[@CR19]^ and a few studies reporting increased risk of depression associated with physical activity in pregnant women^[@CR20],[@CR21]^. Most of these previous studies focused on cross-sectional associations between physical activity and depression during pregnancy and only a limited number of studies have examined longitudinal associations between physical activity during pregnancy and postpartum depression^[@CR21],[@CR22]^.

Little is also understood about the optimal intensity of physical activity that would be potentially beneficial for psychological distress and depression. According to a review by Teychenne and York^[@CR23]^, most studies either did not assess how the associations between varying intensities of physical activity and mental health outcomes differ or they focused on the psychological effects of only moderate to vigorous physical activity. As such, there is no clear consensus on the optimal intensity of physical activity for lowering the risk of depression over the course of pregnancy.

Additionally, previous studies, with a few exceptions^[@CR17],[@CR18]^, have often assessed both cross-sectional and longitudinal associations between physical activity and depression without controlling for baseline physical activity prior to pregnancy---this factor could greatly affect women's engagement in physical activity during pregnancy and their mental health outcomes. Downs *et al*.^[@CR18]^ found that physical activity prior to pregnancy, but not during pregnancy, was significantly associated with lower risk of postpartum depressive symptoms. Ersek and Brunner Huber^[@CR17]^ reported that only women who were physically active both prior to and during pregnancy had lower risk of depressive symptoms compared with those who were not physically active prior to and during pregnancy. Clearly, there is a need for more research assessing whether physical activity during pregnancy can actually be beneficial for the psychological well-being of pregnant women while also controlling for their physical activity prior to pregnancy.

This study assessed associations between varying combinations of physical activity at different intensities during pregnancy and psychological distress and depression in a large sample of pregnant women drawn from the Japan Environment and Children's Study (JECS). We examined not only the cross-sectional association between physical activity and psychological distress during pregnancy but also the longitudinal association between physical activity during pregnancy and postpartum depression while also controlling for potential confounding factors, including physical activity prior to pregnancy.

Methods {#Sec2}
=======

Study sample {#Sec3}
------------

This study used data from pregnant women residing in Japan who participated in the JECS, a large-scale ongoing national birth cohort study launched by the Japan Ministry of the Environment in January 2011^[@CR24],[@CR25]^. The JECS collects a wide range of information on health and environmental factors as they relate to pregnant women and their children with the aim of identifying factors that are critical to child development and to the well-being of mothers and their children. Over 100,000 pregnant women from 15 different regions in Japan were recruited between 2011 and 2014, and the characteristics of the mothers and children are almost identical to those reported during same period by Vital Statistics of Japan^[@CR25]^. The children are currently being followed using questionnaire surveys until they turn 13 years of age.

In this study, we used the jecs-ag-20160424 dataset released in June 2016 and the allbirth_revice001_ver001 dataset released in October 2016. From a total of 92,796 pregnant women, we excluded 53 whose information was completely missing for the selected variables used in this study (see Measures). This left data for 92,743 women for analysis in this study. Figure [1](#Fig1){ref-type="fig"} shows the flowchart of participant recruitment and selection.Figure 1Participant flow diagram.

The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. All procedures involving human patients were approved by the Ministry of the Environment's Institutional Review Board on Epidemiological Studies (100910001), the ethics committees of all participating institutions, and the Ethics Committee, University of Toyama (R2017163). Written informed consent was obtained from all patients.

Measures {#Sec4}
--------

The outcome variables in this study were 1) prenatal psychological distress (mid-late pregnancy) and 2) postpartum depression. Prenatal psychological distress was assessed on two occasions using the Kessler Psychological Distress Scale (K6):^[@CR26],[@CR27]^ once during early pregnancy, which was used as a covariate, and once during mid-late pregnancy, which was used as the outcome. Postpartum depression was assessed using the Edinburgh Postpartum Depression Scale (EPDS) 1 month after childbirth^[@CR28]^. Moderate psychological distress during pregnancy was defined as a K6 score of 5--12, and severe psychological distress during pregnancy was defined as a K6 score of 13 or higher^[@CR29],[@CR30]^. Postpartum depression was defined by an EPDS score of 9 or higher^[@CR31],[@CR32]^.

The main explanatory variable was a combination of varying intensities of physical activity during pregnancy. Intensity of physical activity during pregnancy was assessed with the translated short version of the International Physical Activity Questionnaire (IPAQ)^[@CR33],[@CR34]^. Intensity of physical activity was assessed during mid-late pregnancy when a prenatal measure of psychological distress was also administered at hospitals or clinics affiliated with regional health centres. Three different intensities of physical activity (vigorous, moderate and light) were assessed in a self-reported questionnaire. The following questions were used to assess the different intensities of physical activity: for vigorous activity, "Within the past week, did you engage in vigorous physical activity, including carrying or moving heavy objects, biking on steep hills, jogging, or playing singles at tennis?" For moderate activity, "Within the past week, did you engage in moderate physical activity, including carrying or moving light objects, playing and running with children, swimming slowly, playing doubles at tennis, or playing golf without using a golf cart? Please do not include walking as a form of moderate physical activity". For light activity, "Within the past week, did you engage in light physical activity, such as walking more than 10 minutes? Please include all forms of walking including walking at work or in daily life and walking as a form of activity or hobby". Each variable was recorded as a dummy variable (yes = 1; no = 0). These variables were not mutually exclusive, meaning that each study participant could engage in any combinations of the three different intensities of physical activity. Therefore, we created a categorical variable of physical activity during pregnancy (no activity = 0; light activity only = 1; moderate activity only = 2; vigorous activity only = 3; light and moderate activity = 4; light and vigorous activity = 5; moderate and vigorous activity = 6; light, moderate and vigorous activity = 7).

The analyses were adjusted for a number of potential confounders that were found in past research to be associated with pregnancy-related psychological distress and depression^[@CR17],[@CR35]--[@CR39]^. Covariates included physical activity prior to pregnancy (three dichotomous variables indicating whether JECS participants engaged in light, moderate and vigorous physical activity), psychological distress measured by the K6 scale during early pregnancy (no, moderate or severe distress), body mass index (BMI; early pregnancy), smoking status (early pregnancy), lifetime gestational diabetes, age (continuous), educational attainment (high school or lower, junior college or 4-year college or higher), income (\<¥4,000,000, ¥4,000,000--¥6,000,000 or ≥¥6,000,000), marital status (married, single or divorced/widowed), work status (working or not working) and previous childbirth experience (yes or no).

Data analysis {#Sec5}
-------------

We first descriptively assessed the distribution of physical activity intensities and other JECS participant characteristics according to different levels of prenatal psychological distress and postpartum depression. Pearson's chi-squared test was used to determine if the study participants' characteristics differed according to level of psychological distress. Next, we estimated a multinomial logistic regression model with the ordinal outcome variable of prenatal psychological distress (0: no distress, 1: moderate distress and 2: severe distress) as a dependent variable and the categorical variable of physical activity as a main explanatory variable while controlling for covariates. Finally, we estimated a multivariable logistic regression model with the binary outcome variable of postpartum depression (0: no distress and 1: distress) as a dependent variable and the categorical variable of physical activity as a main explanatory variable while controlling for covariates. Because 26.9% of the study sample (25,025/92,743) had at least one missing variable, we performed multiple imputation and conducted regression models with five imputed datasets. Data were analyzed using STATA SE version 14 (StataCorp LP, College Station, TX). The detailed patterns of missing data are described in Supplementary Table [S1](#MOESM1){ref-type="media"}.

Results {#Sec6}
=======

Descriptive analysis {#Sec7}
--------------------

Table [1](#Tab1){ref-type="table"} shows comparisons of sample characteristics across subgroups of mothers with and without prenatal psychological distress and postpartum depression. Except for the baseline prevalence of lifetime gestational diabetes, the distributions of all the other variables differed significantly across subgroups of women with different levels of psychological distress in mid-late pregnancy. During mid-late pregnancy, women with K6 5--12 were more likely to engage in light (71.37% vs 70.59%), moderate (41.91% vs 39.65%) and vigorous (17.65% vs 14.87%) physical activity than women with K6 \< 5. Similarly, women with K6 ≥ 13 were more likely to engage in light (71.95% vs 70.59%), moderate (42.31% vs 39.65%), and vigorous (22.70% vs 14.87%) physical activity than women with K6 \< 5.Table 1Participants' characteristics.All N = 92,796Mid-late pregnancy, K6 (\<5) n = 63,943Mid-late pregnancy, K6 (5--12) n = 23,337Mid-late pregnancy, K6 (≥13) n = 2,971P-value Pearson χ^2^ Test1 month after delivery, EPDS (\<9) n = 76,3321 month after delivery, EPDS (≥9) n = 12,818P-value Pearson χ^2^ Test%%%%%%**Baseline mental health (early pregnancy)**K6 (\<5)67.7481.2037.9112.56p \< 0.0173.5434.09p \< 0.01K6 (5--12) moderate distress28.7218.0155.3450.5324.6752.07K6 (≥13) severe distress3.550.796.7436.901.7913.53**Baseline physical health (early pregnancy)**BMI (18.5--24.9)74.475.1173.0069.27p \< 0.0174.8972.02p \< 0.01Lifetime gestational diabetes0.690.670.760.88p = 0.160.680.76p = 0.31Smoking4.813.876.2712.01p \<0.014.197.14p \< 0.01**Baseline physical activity (prior to pregnancy)**^**a**^Light activity70.8270.5971.3771.95p = 0.0470.7870.96p = 0.69Moderate activity40.2939.6541.9142.31p \< 0.0140.5739.40p = 0.01Vigorous activity15.8514.8717.6522.70p \< 0.0115.2918.98p \< 0.01**Physical activity during pregnancy (second trimester)**^**a**^Light activity71.7572.2471.5769.19p \< 0.0171.8272.94p = 0.01Moderate activity24.5423.6726.5527.12p \< 0.0124.4025.36p = 0.02Vigorous activity3.322.684.557.33p \< 0.013.054.79p \< 0.01**Demographic characteristics**Age (≥30 years old)59.5062.0754.5646.28p \< 0.0160.7653.52p \< 0.01Educational attainment (university degree or higher)21.7223.0219.1913.84p \< 0.0122.5917.60p \< 0.01Household income (≥ ¥6,000,000)26.8828.5623.5316.17p \< 0.0127.9021.33p \< 0.01Marital status (Married)95.4396.5293.4988.81p \< 0.0196.0892.42p \< 0.01Work status (Working)63.1864.0561.6955.95p \< 0.0163.6161.84p \< 0.01Prior childbirth57.4658.2455.5754.58p \< 0.0159.3446.06p \< 0.01EPDS: Edinburgh Postpartum Depression Scale; K6: Kessler Psychological Distress Scale.^a^Categories of intensity of physical activity were not mutually exclusive, so percentages do not necessarily add up to 100%.

Distributions of all variables except for the baseline prevalence of lifetime gestational diabetes and baseline frequency of light physical activity differed significantly across subgroups of women with different levels of postpartum depression. After childbirth, women with EPDS ≥ 9 were less likely to engage in moderate physical activity (39.40% vs 40.57%) and more likely to engage in vigorous physical activity (22.70% vs 14.87%) than women with EPDS \< 9.

Prenatal psychological distress {#Sec8}
-------------------------------

As shown in Table [2](#Tab2){ref-type="table"}, after adjusting for physical activity prior to pregnancy, mental health condition (early pregnancy), BMI (early pregnancy), smoking status (early pregnancy), lifetime gestational diabetes, age, education, income, marital status, work status and previous childbirth experience, compared with women without any physical activity during pregnancy, women with only light activity during pregnancy had 14% lower odds of moderate prenatal psychological distress (adjusted odds ratio \[AOR\] 0.86, 95% confidence interval \[95%CI\] 0.82, 0.90), women with a combination of light and moderate physical activity during pregnancy had 7% lower odds of moderate prenatal psychological distress (AOR 0.93, 95%CI 0.88, 0.99), while women with a combination of light and vigorous physical activity had 25% higher odds of moderate prenatal psychological distress (AOR 1.25, 95%CI 1.02, 1.53) and women with a combination of moderate and vigorous physical activity during pregnancy had 35% higher odds of moderate prenatal psychological distress (AOR 1.35, 95%CI 1.02, 1.79). Finally, women with a combination of light, moderate and vigorous physical activity during pregnancy had 32% higher odds of moderate prenatal psychological distress (AOR 1.32, 95%CI 1.18, 1.48) than those without any physical activity during pregnancy.Table 2Multinomial logistic regression analysis of the associations of prenatal moderate and severe psychological distress with varying intensities of physical activity during pregnancy.Physical activity during pregnancyK6 (5--12)K6 (≥13)Cases (n)AOR95%CICases (n)AOR95%CINo activity3,9961.00---5221.00---Light activity only8,3080.86\*\*0.82, 0.909050.64\*\*0.58, 0.72Moderate activity only7920.950.87, 1.03820.63\*\*0.50, 0.79Vigorous activity only361.290.86, 1.9220.670.25, 1.85Light & moderate activity3,1610.93\*0.88, 0.993550.69\*\*0.60, 0.79Light & vigorous activity1281.25\*1.02, 1.53291.420.96, 2.12Moderate & vigorous activity751.35\*1.02, 1.7961.120.62, 2.03Light, moderate & vigorous activity5001.32\*\*1.18, 1.481081.45\*\*1.16, 1.81AOR: adjusted odds ratios; 95%CI: 95% confidence intervals; K6 = Kessler Psychological Distress Scale.Notes: Adjusted for physical activity prior to pregnancy, mental health condition (K6) during early pregnancy, body mass index (early pregnancy), smoking status (early pregnancy), lifetime gestational diabetes, age, education, income, marital status, work status, and previous childbirth experience. \*p \< 0.05. \*\*p \< 0.01.

In terms of severe prenatal psychological distress, compared with women without any physical activity during pregnancy, women with only light physical activity during pregnancy had 36% lower odds of severe prenatal psychological distress (AOR 0.64, 95%CI 0.58, 0.72), women with only moderate physical activity during pregnancy had 37% lower odds of severe prenatal psychological distress (AOR 0.63, 95%CI 0.50, 0.79), and women with a combination of light and moderate physical activity had 31% lower odds of severe prenatal psychological distress (AOR 0.69, 95%CI 0.60, 0.79) In contrast, women with a combination of light, moderate and vigorous physical activity had 45% higher odds of severe prenatal psychological distress (AOR 1.45, 95%CI 1.16, 1.81) than those without any physical activity during pregnancy.

Postpartum depression {#Sec9}
---------------------

As shown in Table [3](#Tab3){ref-type="table"}, after adjusting for physical activity prior to pregnancy, psychological distress (early pregnancy), BMI (early pregnancy), smoking status (early pregnancy), lifetime gestational diabetes, age, education, income, marital status, work status and previous childbirth experience, women with a combination of light, moderate and vigorous activity during pregnancy had 42% higher odds of postpartum depression (AOR, 1.42; 95%CI, 1.24, 1.61) than those without any physical activity during pregnancy. Except for this combination of light, moderate and vigorous activity, no statistically significant association was found between the physical activity categories and postpartum depression.Table 3Multivariable logistic regression analysis of the associations of postpartum depression with varying intensities of physical activity during pregnancy.Physical activity during pregnancyEPDS (≥9)Cases (n)AOR95%CINo activity2,0781.00---Light activity only4,7340.990.94, 1.04Moderate activity only3760.970.87, 1.08Vigorous activity only161.250.74, 2.11Light & moderate activity1,6391.070.99, 1.15Light & vigorous activity751.210.97, 1.51Moderate & vigorous activity301.120.79, 1.57Light, moderate & vigorous activity3001.42\*\*1.24, 1.61AOR: adjusted odds ratios; 95%CI: 95% confidence intervals; EPDS: Edinburgh Postpartum Depression ScaleNotes: Adjusted for physical activity prior to pregnancy, mental health condition (K6) during early pregnancy, body mass index (early pregnancy), smoking status (early pregnancy), lifetime gestational diabetes, age, education, income, marital status, work status, and previous childbirth experience. \*p \< 0.05. \*\*p \< 0.01.

Discussion {#Sec10}
==========

The associations between physical activity and prenatal psychological distress and postpartum depression varied in this study depending on which combinations of different intensities of physical activity the women engaged in during pregnancy. Most commonly, those women who engaged in only light physical activity during pregnancy were significantly less likely to have psychological distress during pregnancy, whereas those women who engaged in a combination of all light, moderate and vigorous physical activity during pregnancy were more likely to have psychological distress during pregnancy and depression after childbirth. Most studies have concluded that regular physical exercise during pregnancy has a beneficial impact on psychological health^[@CR40]^, but our results are somewhat similar to those of other studies using general population data^[@CR41],[@CR42]^. The present study is one of the few studies to show that different combinations of varying intensities of physical activity had different patterns of associations with psychological outcomes among pregnant women.

There might be various reasons for the differences we found in the degree of association between physical activity and psychological distress and depression according to different combinations of varying intensities of physical activity, and we were not able to empirically examine them in this study. For example, it is known that women with higher socioeconomic status are more likely to engage in voluntary activity programs such as jogging, aerobics, dance classes and team sports than those with lower socioeconomic status^[@CR43]^. Women who voluntarily engaged in these physical activity programs might have had better psychological status during pregnancy and after childbirth in the sample used in the present study, but future studies are needed to explore the reasons and motivations behind engagement in physical activity during pregnancy. As another example, those pregnant women who decided or needed to keep working during pregnancy might have had to perform physical activities during worktime in addition to their domestic responsibilities, which could have been associated with higher psychological distress. This is plausible given that women who engaged in a combination of light, moderate and vigorous physical activity during pregnancy were more likely to be working during pregnancy than those women who engaged in light physical activity only (71.6% vs 59.4%, p \< 0.01). They were also more likely to be in industries such as construction and logistics (1.63% vs 0.90%, p \< 0.01) where employees may undertake physical tasks such as lifting and moving objects more frequently than employees in other administrative-oriented industries. Future studies should examine the patterns and characteristics of physical activity undertaken by pregnant women in different occupations.

In interpreting the results of the present study, several limitations should be taken into consideration. First, the observational nature of the data did not allow us to draw causal inferences of the relationship between physical activity and psychological distress and depression. Even though a strength of this study was that we could control for pre-pregnancy physical activity, baseline psychological distress and many other potential confounding factors, exposure to physical activity was far from random in the experimental study settings, and it is possible that the level of physical activity was influenced by psychological distress. Second, those with baseline psychological distress might have been more likely to refuse to participate in the study or more likely to drop out of the study, which might have resulted in selection bias. Nonetheless, more than 30% of the participants in the sample had moderate or greater psychological distress at baseline. Additionally, we applied multiple imputation techniques to handle missing data based on the observable variables in the study sample. Third, the JECS data did not contain information about specific domains of physical activity. A few studies have reported that the associations between physical activity and mental health outcomes differed by domain of physical activity. For instance, Demissie *et al*.^[@CR20]^ assessed five domains (occupational, recreational, child and adult care, indoor household activity and outdoor household activity) in 550 pregnant women in North Carolina and found that only those who engaged in moderate to vigorous physical activity in adult- or childcare had significantly higher odds of postpartum depressive symptoms than those who did not participate in any moderate to vigorous physical activity. The positive association between a combination of light, moderate and vigorous physical activity and prenatal psychological distress and postpartum depression that we found in the present study may reflect the fact that those pregnant women who engaged in various intensities of task-oriented physical activities out of necessity (e.g., to care for family members) might have been at increased risk of developing depression. Future studies should explore specific domains of physical activity during pregnancy to better understand the potential mechanisms through which certain intensities of physical activity could have either a beneficial or harmful impact on psychological well-being over the course of pregnancy. Fourth, retrospective recall of physical activity prior to and during pregnancy may be subject to recall bias. Studies have shown that self-reported physical activity during pregnancy alone tends to overestimate activity status compared with self-reported physical activity during pregnancy confirmed by an objective activity monitor^[@CR44]^. Future studies should incorporate the use of such an instrument to increase the accuracy of the measurement of physical activity during pregnancy and to enable real-time collection of environmental information (e.g., seasonality, weather conditions, temperature, and geographical context) that could influence the level of physical activity during pregnancy. Fifth, even though measurement properties of the IPAQ have been studied in pregnant women across multiple countries, no validation studies have been conducted with Japanese pregnant women. Future research should assess the validity and reliability of the IPAQ in this population. Lastly, although our results which were estimated from a large dataset on pregnant women in Japan could be mostly applicable to the entire population of pregnant women in Japan, our findings may not be necessarily directly applicable to pregnant women in other countries with different cultural and socioeconomic backgrounds.

Despite these limitations, our study provides clear evidence that the associations between physical activity and prenatal psychological distress and postpartum depression differ depending on which combinations of varying intensities of physical activity women engage in during pregnancy. Future work should examine whether there is variation in the magnitude of these associations based on the women's baseline characteristics, such as pre-pregnancy health issues and previous childbirth experience. Future studies should also explore the contexts and domains of engagement in physical activity to better understand in what contexts and at what levels of physical activity intensity could be beneficial or harmful to the mental well-being of pregnant women. Further research in this area could also lead to evidence-based health guidelines of specific activity programs with optimal intensity for pregnant women to facilitate prevention and treatment of psychological distress and depression.
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